Abstract. Since the inception of Linnaean taxonomy, termite species and genus descriptions have been mostly based on the morphology of soldiers, sometimes complemented by alate characters, though these are seldom discriminant. However, narrowly soldier-based descriptions may overemphasise ancestral characters and lead to the establishment of nonmonophyletic taxa. In this paper, we used an integrative taxonomic approach that incorporates the morphology of all castes, including workers, as well as molecular and chemical data, to describe Palmitermes impostor Hellemans & Roisin, 2017 (Termitidae : Termitinae), a new termite genus and species from French Guiana. Although the soldiers of P. impostor resemble those of Termes Linnaeus, 1758, the digestive tract and mandibles of workers suggest that Palmitermes is closely related to Cavitermes Emerson, 1925. The sister-group relationship between Palmitermes and Cavitermes was confirmed by a phylogenetic reconstruction based on full mitochondrial genome sequences as well as by the comparison of the profiles of cuticular hydrocarbons of workers with those of related taxa. Our study illustrates the benefits of using an integrative taxonomic approach to describe new taxa and the pitfalls of using soldier morphology as the exclusive set of characters in termite systematics.
Introduction
The Termitidae is the most diversified termite family and comprises two-thirds of the described termite species (Krishna et al. 2013a) . Among the traditionally recognised subfamilies of Termitidae (as in Krishna et al. 2013a) , the Termitinae remains the only one that appears unsatisfactorily defined. It is a pantropical polyphyletic assemblage in which the subfamilies Syntermitinae, Cubitermitinae and Nasutitermitinae are nested (Bourguignon et al. 2015) . Although the basal nodes leading to the main lineages of Termitinae remain unresolved, several distinct clades can be recognised. One of them is informally called the 'Termes-group' (sensu Jones and Eggleton 2011) and includes Termes hispaniolae and its sister group, as depicted at the tip of the horn but below its base (Krishna et al. 2013a) . With the exception of Spinitermes, which possesses falcate, slashing mandibles, soldiers of the Termes-group all have snapping mandibles that can be pressed against each other to deliver a powerful blow when sliding over each other (Deligne 1971; Seid et al. 2008) . Snapping mandibles also evolved in other termitine lineages, such as in Pericapritermes Silvestri, 1914 and related genera in the Old World or in the Neocapritermes Holmgren, 1912 lineage in the Neotropics, which all developed asymmetrical snapping (Inward et al. 2007; Bourguignon et al. 2015) . The frontal horn, however, appears specific to the Termes-group, possibly providing extra space for the reservoir of the frontal gland (Kyjaková et al. 2017) , or helping soldiers to physically block nest passages with their phragmotic head (Prestwich 1984; Scholtz et al. 2008) .
The taxonomy of termites is traditionally based on the morphology of soldiers, while other castes are often illdescribed. Within the Termes-group, many species are grouped into monophyletic genera having characteristic soldiers that cannot be easily confused with those of other termites. For example, in Cavitermes, the whole frontal part of the head capsule forms a unique concave shield, which integrates the horn (Emerson 1925) . In contrast, species currently placed in Termes share morphologically similar soldiers, but form a paraphyletic assemblage that is not supported by molecular phylogenies (Inward et al. 2007; Bourguignon et al. 2017) .
In this paper, we use an integrative taxonomic approach, based on morphological, chemical and molecular data, to describe Palmitermes Hellemans & Roisin, 2017, a new Neotropical genus of the Termes-group, and its type species Palmitermes impostor. By their external morphology, soldiers of Palmitermes closely resemble those of Termes species, possessing long symmetrically snapping mandibles and the typical frontal horn, while worker anatomy suggests a closer relationship with Cavitermes. We establish the actual relationships of the new genus with the help of mitochondrial DNA-based phylogenetic reconstruction and comparison of chemical profiles of cuticular hydrocarbons of workers.
Material and methods

Material examined
The material used for the description of Palmitermes was collected by T. Bourguignon 
Characters used and measurements
The morphological description is based on the observation of soldiers, workers and alates. Most characters were measured according to Roonwal (1969) and their corresponding numbers in Roonwal's list are indicated below in parentheses. In the case of paired organs, we systematically measured the left one. All measurements were taken using a Wild MMS 235 lengthmeasuring set except when indicated otherwise. In soldiers, we measured: head length from posterior margin to apex of frontal process (Miller 1991) , head length from posterior margin to anterolateral corner of the genae (Miller 1991) , head depth without postmentum (21), head depth with postmentum (22), maximum head width (17), head width at anterolateral corner of the genae, right and left mandible maximum lengths (36), maximum width of postmentum (62), minimum width of postmentum (63) and maximum width of pronotum (68). To describe the worker caste, we measured maximum head width (17), and depicted the digestive tube and the mandibles. We followed the nomenclature presented in Noirot (1995 Noirot ( , 2001 to describe the digestive tube, and that of Donovan et al. (2000) to describe worker mandibles. To characterise worker mandibles, we used the left mandible index (Emerson 1960) expressed as the linear distance separating the pointed tip of the apical tooth from that of the first marginal tooth, divided by the linear distance between the pointed tips of the first and third marginal teeth (Fig. 4) . Measurements were carried out with a Leitz Wetzler microscope. In alates, the sex was determined on the basis of the morphology of the last abdominal sternites and the following characters were measured: head length to the anterior margin of postclypeus (8), maximum width of head with eyes (17), intereyes distance (52), maximum diameter of compound eye with ocular sclerite (48), maximum diameter of lateral ocellus (55), minimum eye-ocellus distance (57), median length of pronotum (66), maximum pronotum width (68), length of forewing with scale (73) and forewing maximum width.
Illustrations
Images of individuals were obtained with a Zeiss Discovery V12 steromicroscope equipped with an AxioCam ICc3 camera and controlled by AxioVision software. Images are compilations of series of successive stepwise-focussed photographs. Additionally, soldier heads were dehydrated in an ethanol/acetone series, gold coated, and observed in a Nova NanoSEM 450 field-emission scanning electron microscope. Enteric valve, gizzard, and mandibles of workers were dissected and mounted on microscope slides. Images of slide preparations were taken with a Leica DFC450C camera mounted on a Leica DM5500B microscope and operated with Leica Application Suite software. Gizzard and enteric valve were observed under phase-contrast illumination.
Phylogeny
We built a phylogenetic tree using the mitochondrial genomes of 28 representative samples of the Termes-group, including two samples of P. impostor (Table S1 , available as Supplementary material to this paper). We also included five outgroups that were used to root the tree: Ancistrotermes pakistanicus (Macrotermitinae), Amalotermes phaeocephalus (Apicotermitinae), Nasutitermes takasagoensis (Nasutitermitinae), Silvestritermes heyeri (Syntermitinae) and Cubitermes fungifaber (Cubitermitinae). All mitochondrial genomes have been published in two recent papers that extensively described the sequencing and assembling procedures (Bourguignon et al. 2015 (Bourguignon et al. , 2017 .
Each gene of the mitochondrial genomes was aligned individually using MUSCLE algorithm (Edgar 2004 ) with default settings, implemented in MEGA 5.2 (Tamura et al. 2011) . We aligned protein-coding genes as codon and tRNA and rRNA genes as DNA. The resulting alignments were concatenated with SequenceMatrix 1.8 (Vaidya et al. 2011) and separated in five partitions: one for each codon position of the protein-coding genes, one for the 12S and the 16S rRNA genes, and one for the combined tRNA genes.
We implemented Bayesian phylogenies in MrBayes 3.2 (Ronquist et al. 2012 ) with unlinked partitions, each of four chains (three hot and one cold). The run length was of 1.5 million generations with sampling every 2000 generations. The burnin was of 200 000 generations as determined with Tracer 1.5 (Rambaut and Drummond 2007) . We ran four replicates of the analyses to ensure consistency of the results. We used PartitionFinder 1.1.1 (Lanfear et al. 2012 ) and the Bayesian information criterion (Sullivan and Joyce 2005) to select the best-fit nucleotide substitution model, which was a GTR model with gamma-distributed rate variation across sites and a proportion of invariable sites for all partitions (GTR + G + I).
Chemical profiles of cuticular hydrocarbons
Chemical profiles of cuticular hydrocarbons (CHCs) were studied in P. impostor and five other Neotropical species from the Termes-group, i.e. Cavitermes tuberosus, Spinitermes trispinosus, Inquilinitermes inquilinus, and two species of Termes. The two Termes species (T. aff. fatalis 1 and T. aff. fatalis 2 sensu Kyjaková et al. 2017 ) match the description of the neotype of T. fatalis Linnaeus, 1758 (Miller 1991 (Miller : 1154 (Miller -1157 ) but whether one of them is the true T. fatalis could not be ascertained. The two species will hereafter be designated as T. fatalis 1 and T. fatalis 2 or be referred to as the T. fatalis species complex. The species were selected so as to represent both previously described internal branches of the Termes-group, i.e. the lineage comprising the genera Cavitermes, Spinitermes and Dihoplotermes (hereafter termed as Cavitermes lineage), and the branch containing Termes and Inquilinitermes (hereafter called Termes sensu stricto lineage) (Inward et al. 2007; Kyjaková et al. 2017) . Fragments of colonies of each species were collected in June 2016 in the Petit Saut area. Workers (50-100) were extracted in glass vials with distilled hexane (10 mL per individual) for 10 min and the extract was stored at À20 C. CHC extracts (1 mL) were analysed using the gas chromatograph TRACE 1310 (ThermoFisher Scientific, Waltham, MA, USA), equipped with a non-polar Zebron ZB-5MS column (30 m Â 0.25 mm Â 0.25 mm film; Phenomenex, Torrance, CA, USA) connected to a ThermoFisher Scientific ISQ LT mass-selective detector (70eV ionisation voltage, source temperature 200 C, transferline heated to 260 C). The column temperature was held at 50 C for 1 min, gradually increased to 320 C at 8 C min -1 and then held at 320 C for 20 min. Helium was used as carrier gas at a flow 1.2 mL min -1 .
Split/splitless port was heated to 200 C, and samples were injected in splitless mode with a purge time of 1 min.
The identity of all detectable peaks corresponding to CHCs in the CHC fraction (retention time (RT) 26-34 min) was assigned on the basis of the retention time and EI-MS 
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Invertebrate Systematicsfragmentation patterns. Kovats retention indices of individual compounds were calculated using the retention times of n-alkanes (C 7 -C 40 ) (Millar and Haynes 1998) . Retention indices of individual compounds were compared with NIST database and literature data (e.g. Haverty et al. 1988) and their mass fragmentation pattern was evaluated with respect to presumed molecular ions and diagnostic fragments indicating branching and/or presence of unsaturations in the aliphatic chain. While the quantitative variations in individual CHCs are a useful systematic tool at the species, subspecies and population level, for higher-level classification the comparison of qualitative CHC patterns is more appropriate (Bagnères and Wicker-Thomas 2010) . Therefore, we constructed a cluster tree from qualitative similarities in CHC profiles. The distance matrix was based on the numbers of CHCs shared by each pair of species. Unweighted pair-group average clustering algorithm of Manhattan distances was used for tree construction in Statistica 8.0.
Taxonomy
Genus Palmitermes Hellemans & Roisin, gen. nov.
(Figs 2A-C, 3-6; Tables 1, 2) http://zoobank.org/urn:lsid:zoobank.org:act:4A2CEA9B-1568-4B4B-84C7-EAD610B3FEFF Type species: Palmitermes impostor Hellemans & Roisin, described below.
Description
Imago. Head capsule, in dorsal view, rounded behind. Eyes little prominent. Fontanelle present as a small hyaline spot. Postclypeus slightly bulging. Mandibles with elongated apical teeth and reduced marginal teeth, as in workers. Antennae 15-jointed. Pronotum almost semicircular, with slightly concave anterior margin. Wings dark smoky, with hyaline area in basal half between median and cubital veins.
Soldiers. Head capsule, in dorsal view, rectangular, with large frontal prominence. In lateral view, dorsal edge of frontal prominence humped, tip pointing upwards, crowned with small bristles (Fig. 3) . Fontanelle small, at anteroventral base of frontal prominence. Labrum widening anteriorly, with pointed anterolateral corners, anterior margin concave. Mandibles longer than head capsule, of snapping type, nearly symmetrical, with hooked tips. Antennae 14-jointed. Postmentum elongated, with concave sides, bearing a distinct tubercle near the posterior edge (Fig. 3) . Pronotum saddle-shaped, anterior lobe larger than posterior one, slightly notched in middle. Tibial spurs 3 : 2 : 2. Abdomen dark, digestive tube soil-filled, visible through abdominal wall.
Workers. Head capsule, in dorsal view, rounded. Mandibles with a large apical tooth (Fig. 4) and reduced marginal teeth, molar areas concave and without ridges. Left mandible index 2.5-2.8. Digestive tract in situ as in Fig. 5 . Crop well developed. Gizzard small; columnar belt composed of six folds of the first order, six of the second order, and 12 of the third order; columns of first and second orders ornamented with short spines of variable size; pulvillar belt with first-order pulvilli much larger than the columns (Fig. 6A, B) . Malpighian tubules inserted in two pairs at the base of a reniform nodule, located on the internal side of the mesenteric loop at the base of the mixed segment. Mixed segment long, with mesenteric part slightly inflated distally. P1 cylindrical. Enteric valve (P2) inserted dorsally into P3. Enteric valve armature comprising six elongated ovoid cushions, broader ones alternating with narrower ones, each garnished with a median line of 2-8 curved spines (Fig. 6C, D) . P3 broad, narrowing anteriorly, P4 broader than distal section of P3.
Diagnosis
Alates of P. impostor can be distinguished from those of C. tuberosus by the length ratio of third : second antennal articles: >2 : 3 in P. impostor, and~1 : 2 in C. tuberosus. The postclypeus is more bulging in P. impostor than in C. tuberosus ( Fig. 2A, D) . Alates of P. impostor are smaller than those of C. tuberosus (Table 1: head width, pronotum width, forewing length and width).
Palmitermes soldiers can be easily distinguished from other Neotropical genera of symmetrical snappers except Termes. Crepititermes Emerson, 1925 lacks the frontal prominence. Cavitermes soldiers have a conspicuous ridge encompassing the frontal prominence and delimiting a concave frontal shield (Emerson 1925; Krishna 2003) . Inquilinitermes and several Termes species possess a shorter, often more rounded frontal process (Mathews 1977; Constantino 2002) . The frontal process in T. fatalis is regularly covered by long bristles, lacking the crown of shorter bristles on the tiny tip which is typical of P. impostor. Labrum shape (broadening anteriorly, with concave anterior edge) distinguishes Palmitermes from both Termes and Inquilinitermes, whose labrum remains narrow with parallel sides and fine lateral points (Mathews 1977; Miller 1991) . The basal tubercle on the postmentum is specific of Palmitermes. It is absent in the nine valid extant Neotropical Termes species listed by Krishna et al. (2013b) : Termes hispaniolae, T. panamaensis, T. fatalis (Miller 1991: fig. 19) , T. nigritus, T. riograndensis (Y. Roisin, personal observation), T. ayri (Bandeira and Cancello 1992: fig. 14) , T. bolivianus (Mathews 1977: fig. 77 ), T. medioculatus (Mathews 1977: fig.  78 ), and T. melindae (Harris 1960: fig. C) . The tubercle is also absent in Inquilinitermes inquilinus and I. johnchapmani (Scheffrahn 2014) , and from at least four of the five species of Cavitermes (no illustration is currently published for C. simplicinervis): Cavitermes parmae (Mathews 1977: fig.  58 ), C. parvicavus (Constantino 1991: fig. 18 ), C. rozeni (Krishna 2003: fig. 1 ) and C. tuberosus (Constantino 1991 : fig. 16 ).
Workers of Palmitermes are barely distinguishable from those of Cavitermes. The head of Palmitermes workers harbours few short bristles along with longer ones whereas there are only long bristles in Cavitermes. Mandibles (Fig. 4) are very similar to those of Cavitermes (Ahmad 1950: fig. 16 ). The apical tooth is more elongated and the left mandibular index is much higher in Palmitermes (>2.5) than in Termes (<2: Mathews 1977) . P1 is cylindrical in Palmitermes and Cavitermes, but inflated in Termes (Godoy and Torales 1993 , and personal observations of the Termes fatalis complex). The enteric valve armature of Palmitermes (Fig. 6C, D) and Cavitermes (Fig. 7A ) workers harbours cushions with a single median line of 2-8 strong 
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Invertebrate Systematics S. Hellemans et al. spines while those of Termes (Fig. 7B) and Inquilinitermes workers are covered by several rows of numerous spines (but only 2-3 rows of stout spines in T. hispaniolae).
Etymology
We named this genus 'Palmitermes' because these termites were initially often found on spiky palm trees of the genus Astrocaryum. 
Palmitermes impostor
Description
Imago. Head, pronotum, posterior margins of meso-and metanotum, and other sclerotised body parts dark brown. Whitish median line along the meso-and metanotum. Head covered with tiny setae and~20 longer bristles. Antennae with 15 articles, length ratio of third-to-second antennal articles >2 : 3. Fontanelle whitish, present as a small ovoid spot. Eyes and ocelli small, ocelli distant from the eyes by approximately their own diameter. Postclypeus lighter than the rest of the head. Pronotum covered with tiny setae and a few longer bristles. Posterior margins of meso-and metanotum emarginated with rounded angles. Measurements as in Table 1 .
Soldier. Head rectangular with a prominent dorsally humped conical frontal process ending in a tiny tip slightly curved upwards and crowned with small bristles. Head covered with~10 long bristles; dorsal part of the frontal process with~5 sparse long bristles, ventral part with a dozen bristles, tiny tip crowned with shorter bristles. Antennae with 14 articles, the second one slightly shorter than the third. Labrum bifid with concave anterior margin and wide anterolateral corners, covered with some long bristles. Mandibles modified for symmetrical snapping, the left always slightly longer than the right (Table 2 ). Abdomen covered with bristles. Measurements as in Table 2 .
Worker. Head capsule whitish. Abdomen greyish, coloured by gut content. Head rounded, covered with a dozen long bristles and~20 shorter ones. Antennae with 14 articles, the third and fourth sometimes not entirely separated. Left mandible index 2.5-2.8. Enteric valve armature composed of six cushions of varying size bearing 2-8 sclerotised spines along one median line. Proximal portion of cushions reticulated, with fine horizontal folds or furrows. Measurements: head width 0.81-0.89 mm (n = 15, five colonies).
Ecology and distribution
Palmitermes impostor builds underground and epigeous nests (Fig. S1 ). For now, it is known from only three localities in French Guiana (Kaw Mountain, Nouragues Inselberg Station, Petit Saut). This species was previously referred to as Termes sp. A (Bourguignon et al. 2011a (Bourguignon et al. , 2011b (Bourguignon et al. , 2017 or gen. nr. Cavitermes sp. (Kyjaková et al. 2017) . As outlined by Kyjaková et al. (2017) , the COII sequence of this species matches GenBank ID DQ442249 labelled Termes group sp. A by Inward et al. (2007) but designated as Spinitermes group sp. FG-1 in their article. Legendre et al. (2015) (Bourguignon et al. 2011b) , and belongs to the feeding group III of Donovan et al. (2001) 
Etymology
The species name 'impostor' refers to the frequent confusion with C. tuberosus and the T. fatalis species complex during field collection.
Phylogeny
Most of the nodes of our phylogenetic tree received strong support, as indicated by the Bayesian posterior distributions (Fig. 1) . We found that Palmitermes belongs to a Neotropical branch of the Termes-group (the Cavitermes lineage), and that it forms, together with Cavitermes, the sister group of Spinitermes + Dihoplotermes. T. fatalis, the type species of Termes sensu stricto, appears nested within Inquilinitermes, and more closely related to Asian and Australian species of the Termes-group than to Palmitermes.
Chemical profiles of cuticular hydrocarbons
Altogether 72 peaks corresponding to CHCs were detected in the six studied species (Fig. 8A , Table S2 ), ranging from 15 CHCs in C. tuberosus to 31 in I. inquilinus. Most of the CHC peaks were successfully identified on the basis of the retention characteristics and diagnostic ions from EI-MS fragmentation. The CHC profiles consisted of n-alkanes, methyl-or ethylbranched alkenes and unsaturated hydrocarbons with 1-3 double bonds. The clustering of qualitative similarities of CHC profiles grouped P. impostor together with C. tuberosus and situated S. trispinosus as a sister group to this cluster ( was evaluated as the most remote from all other studied samples. Another important qualitative difference in the chemical profiles of CHCs separates the cluster S. trispinosus, C. tuberosus and P. impostor, i.e. the presence of unsaturated hydrocarbons, contrasting with their complete absence in Termes spp. and I. inquilinus (Fig. 8A , Table S2 ).
Discussion
The taxonomy of termites is essentially based on the morphology of soldiers. Here, we describe Palmitermes impostor based on morphological characters of soldiers and other castes, along with genetic and chemical analyses. The soldier morphology of Palmitermes is like that of Termes, and, considered alone, one would arguably describe P. impostor as a new species of Termes. However, the digestive tract (see Figs 6C, D and 7A for the enteric valves of P. impostor and C. tuberosus respectively) and the mandibles of workers (see Fig. 4 for P. impostor, and Ahmad (1950) : fig. 16 for C. tuberosus) suggest that this new species has a closer affinity to Cavitermes. The CHC profiles and molecular phylogenetic tree confirm this latter taxonomic hypothesis and show that P. impostor is closely related to Cavitermes and belongs to a new termite genus. Table S2 , unsaturated cuticular hydrocarbons are marked in red. Cluster tree (B) depicting the qualitative similarities of chemical profiles of CHCs constructed from distance matrices considering the numbers of CHCs shared by each pair of species. Manhattan distances and unweighted pair-group average algorithm were used for tree construction.
Recent molecular phylogenies split the Termes-group into two clades: the first clade contains the pantropical genus Termes sensu stricto and related Asian and Australian genera, the second comprises several Neotropical genera including Cavitermes, Dihoplotermes, Spinitermes, and Palmitermes (the Cavitermes lineage) (Inward et al. 2007; Legendre et al. 2015; Kyjaková et al. 2017; Bourguignon et al. 2017) . Using phylogenetic trees inferred from full mitochondrial genomes, we confirm the existence of these two clades as well as the generic status of Palmitermes. This approach has the advantage of limiting the risks of describing non-monophyletic taxa. We emphasise the need to include DNA sequences when describing new termite species to warrant the validity of the species, to facilitate its future identification by peers, and to allow molecular phylogenetic reconstructions.
The chemical profiles of worker CHCs also support the erection of Palmitermes as a new genus, closely related to Cavitermes within the Cavitermes lineage. Both the qualitative similarities of CHCs as well as presence and absence of unsaturated CHCs in the Cavitermes and Termes sensu stricto lineages (Table S2) , respectively, independently support the separation of the lineages. This separation has previously been suggested by the comparative analysis of defensive compounds secreted by soldiers of these taxa, revealing fundamental differences in biochemical capacities of these lineages. All soldiers of the Cavitermes lineage secrete terpenoids in their frontal gland, while soldiers of T. fatalis 1 and 2, and I. inquilinus do not. The major diterpene hydrocarbon in C. tuberosus was described as a new compound, cavitene (Kyjaková et al. 2015) , and the dominant diterpene found in P. impostor was identified to be bifloratriene (Kyjaková et al. 2017) .
The integrative taxonomic approach, which combines classical anatomical description, molecular phylogenetics and analysis of cuticular hydrocarbons, allows for a robust genus and species discrimination. This approach may prove particularly useful for discriminating between species and genera in taxonomically challenging taxa, such as soldierless termites of the Anoplotermes-group (Bourguignon et al. 2010) , or in termite groups with morphologically conserved soldiers, such as the T. fatalis species complex (Kyjaková et al. 2017) .
The present description of P. impostor also carves the path for the future study of its life history, which appears to share common features with its closest relative in French Guiana, Cavitermes tuberosus. This species practices asexual queen succession . As the colony ages, the primary queen dies and is replaced by numerous neotenic queens that she mostly produces by parthenogenesis. Just as in C. tuberosus, we observed large numbers of neotenic females in the presence of a primary king in several nests of P. impostor and preliminary analyses confirmed that most of the neotenic females were produced through thelytokous parthenogenesis, making this new species another case of asexual queen succession . Neoteny is infrequent in most species of Termitidae (review in Myles 1999 ), but appears to be common in the Cavitermes lineage. Neotenic reproductives are also known in Spinitermes (Myles 1999; Carrijo 2009 ), a genus related to Cavitermes and Palmitermes. Future studies are needed to determine whether neotenic reproductives are produced by thelytokous parthenogenesis in other species of these genera, and therefore whether asexual queen succession occurs in all members of the Cavitermes lineage.
